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(54)  Turbine wastegate

(67)  Anassembly can include a turbine housing that
includes a bore, a wastegate seat and a wastegate pas-
sage that extends to the wastegate seat; a bushing con-
figured forreceipt by the bore; arotatable wastegate shaft
configured for receipt by the bushing; a wastegate arm
extending from the wastegate shaft; and a wastegate
plug extending from the wastegate arm where the waste-
gate plug includes a profile, defined in part by a portion
of a torus, for contacting the wastegate seat to cover the
wastegate passage and, for example, defined in part by
a portion of a modified sphere or a portion of a cone.
Various other examples of devices, assemblies, sys-
tems, methods, etc., are also disclosed.
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Description
RELATED APPLICATIONS

[0001] This application is a continuation-in-part of a
U.S. Patent Application having Serial No. 13/613,250,
filed 13 September 2012, which is incorporated herein.

TECHNICAL FIELD

[0002] Subject matter disclosed herein relates gener-
ally to turbomachinery for internal combustion engines
and, in particular, to turbine wastegates.

BACKGROUND

[0003] A turbine wastegate is typically a valve that can
be controlled to selectively allow at least some exhaust
to bypass a turbine. Where an exhaust turbine drives a
compressor for boosting inlet pressure to an internal
combustion engine (e.g., as in a turbocharger), a waste-
gate provides a means to control the boost pressure.
[0004] A so-called internal wastegate is integrated at
least partially into a turbine housing. An internal waste-
gate typically includes a flapper valve (e.g., a plug), a
crank arm, a shaft or rod, and an actuator. A plug of a
wastegate often includes a flat disk shaped surface that
seats against a flat seat (e.g., a valve seat or wastegate
seat) disposed about an exhaustbypass opening, though
various plugs may include a protruding portion that ex-
tends into an exhaust bypass opening (e.g., past a plane
of a wastegate seat).

[0005] In a closed position, a wastegate plug should
be seated against a wastegate seat (e.g., seating sur-
face) with sufficient force to effectively seal an exhaust
bypass opening (e.g., to prevent leaking of exhaust from
a high pressure exhaust supply to a lower pressure re-
gion). Often, an internal wastegate is configured to trans-
mit force from an arm to a plug (e.g., as two separate,
yet connected components). During engine operation,
load requirements for a wastegate vary with pressure
differential. High load requirements can generate high
mechanical stresses in a wastegate’s kinematics com-
ponents, a fact which has led in some instances to sig-
nificantly oversized component design to meet reliability
levels (e.g., as demanded by engine manufacturers). Re-
liability of wastegate components for gasoline engine ap-
plications is particularly important where operational tem-
peratures and exhaust pulsation levels can be quite high.
[0006] Various examples of wastegates and waste-
gate components are described herein, which can op-
tionally provide for improved kinematics, reduced ex-
haust leakage, etc.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] A more complete understanding of the various
methods, devices, assemblies, systems, arrangements,
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etc., described herein, and equivalents thereof, may be
had by reference to the following detailed description
when taken in conjunction with examples shown in the
accompanying drawings where:

[0008] Fig. 1 is a diagram of a turbocharger and an
internal combustion engine along with a controller;
[0009] Fig. 2 is a series of view of an example of an
assembly that includes a wastegate;

[0010] Fig. 3 is a cutaway view of a portion of the as-
sembly of Fig. 2;

[0011] Fig. 4 is a series of views of an example of a
wastegate arm and plug;

[0012] Fig. 5 is a side view of the wastegate arm and
plug of Fig. 4;

[0013] Fig. 6 is a cutaway view of an example of a
turbine housing;

[0014] Fig. 7 is a series of cutaway views of a waste-
gate arm and plug in two different orientations;

[0015] Fig. 8 is a series of cutaway views of a waste-
gate arm and plug in two different orientations;

[0016] Fig. 9 is a series of diagrams of examples of
wastegate arm and plug and profiles thereof;

[0017] Fig. 10 is a series of views of examples of pro-
files of a plug;

[0018] Fig. 11 is a series of views of examples of pro-
files of a seat;

[0019] Fig. 12 is a series of views of examples of tur-
bine wastegate plugs and seats;

[0020] Fig. 13 is a series of views of an example of a
wastegate arm and plug;

[0021] Fig. 14 is a series of views of a plug profile of
the wastegate arm and plug of Fig. 13;

[0022] Fig. 15 is a perspective view of a portion of the
wastegate arm and plug of Fig. 13 and a plot of the plug
profile thereof;

[0023] Fig. 16 is a series of cutaway views of an ex-
ample of an assembly that includes the wastegate arm
and plug of Fig. 13;

[0024] Fig. 17 is a series of examples of plots of data
for the assembly of Fig. 16;

[0025] Fig. 18 is a series of views of an example of a
wastegate arm and plug; and

[0026] Fig. 19 is a series of examples of plots of data
for various assembilies.

DETAILED DESCRIPTION

[0027] Turbochargers are frequently utilized to in-
crease output of an internal combustion engine. Refer-
ring to Fig. 1, as an example, a system 100 can include
an internal combustion engine 110 and a turbocharger
120. As shown in Fig. 1, the system 100 may be part of
a vehicle 101 where the system 100 is disposed in an
engine compartment and connected to an exhaust con-
duit 103 that directs exhaust to an exhaust outlet 109,
for example, located behind a passenger compartment
105. In the example of Fig. 1, a treatment unit 107 may
be provided to treat exhaust (e.g., to reduce emissions
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via catalytic conversion of molecules, etc.).

[0028] Asshownin Fig. 1, the internal combustion en-
gine 110 includes an engine block 118 housing one or
more combustion chambers that operatively drive a shaft
112 (e.g., via pistons) as well as an intake port 114 that
provides a flow path for air to the engine block 118 and
an exhaust port 116 that provides a flow path for exhaust
from the engine block 118.

[0029] The turbocharger 120 can act to extract energy
from the exhaust and to provide energy to intake air,
which may be combined with fuel to form combustion
gas. As shown in Fig. 1, the turbocharger 120 includes
an air inlet 134, a shaft 122, a compressor housing as-
sembly 124 for a compressor wheel 125, a turbine hous-
ing assembly 126 for a turbine wheel 127, another hous-
ing assembly 128 and an exhaust outlet 136. The housing
128 may be referred to as a center housing assembly as
itis disposed between the compressor housing assembly
124 and the turbine housing assembly 126. The shaft
122 may be a shaft assembly that includes a variety of
components. The shaft 122 may be rotatably supported
by a bearing system (e.g., journal bearing(s), rolling el-
ementbearing(s), etc.) disposedin the housing assembly
128 (e.g., in a bore defined by one or more bore walls)
such that rotation of the turbine wheel 127 causes rotation
of the compressor wheel 125 (e.g., as rotatably coupled
by the shaft 122). As an example a center housing rotat-
ing assembly (CHRA) can include the compressor wheel
125, the turbine wheel 127, the shaft 122, the housing
assembly 128 and various other components (e.g., a
compressor side plate disposed at an axial location be-
tween the compressor wheel 125 and the housing as-
sembly 128).

[0030] In the example of Fig. 1, a variable geometry
assembly 129 is shown as being, in part, disposed be-
tween the housing assembly 128 and the housing as-
sembly 126. Such a variable geometry assembly may
include vanes or other components to vary geometry of
passages thatlead to a turbine wheel space in the turbine
housing assembly 126. As an example, a variable geom-
etry compressor assembly may be provided.

[0031] In the example of Fig. 1, a wastegate valve (or
simply wastegate) 135 is positioned proximate to an ex-
haust inlet of the turbine housing assembly 126. The
wastegate valve 135 can be controlled to allow at least
some exhaust from the exhaust port 116 to bypass the
turbine wheel 127. Various wastegates, wastegate com-
ponents, etc., may be applied to a conventional fixed noz-
zle turbine, a fixed-vaned nozzle turbine, a variable noz-
zle turbine, a twin scroll turbocharger, etc.

[0032] In the example of Fig. 1, an exhaust gas recir-
culation (EGR) conduit 115 is also shown, which may be
provided, optionally with one or more valves 117, for ex-
ample, to allow exhaust to flow to a position upstream
the compressor wheel 125.

[0033] Fig. 1also shows an example arrangement 150
for flow of exhaust to an exhaust turbine housing assem-
bly 152 and another example arrangement 170 for flow

10

15

20

25

30

35

40

45

50

55

of exhaust to an exhaust turbine housing assembly 172.
In the arrangement 150, a cylinder head 154 includes
passages within to direct exhaust from cylinders to the
turbine housing assembly 152 while in the arrangement
170, a manifold 176 provides for mounting of the turbine
housing assembly 172, for example, without any sepa-
rate, intermediate length of exhaust piping. In the exam-
ple arrangements 150 and 170, the turbine housing as-
semblies 152 and 172 may be configured for use with a
wastegate, variable geometry assembly, etc.

[0034] InFig.1,anexampleofa controller 190is shown
as including one or more processors 192, memory 194
and one or more interfaces 196. Such a controller may
include circuitry such as circuitry of an engine control unit
(ECU). As described herein, various methods or tech-
niqgues may optionally be implemented in conjunction
with a controller, for example, through control logic. Con-
trol logic may depend on one or more engine operating
conditions (e.g., turbo rpm, engine rpm, temperature,
load, lubricant, cooling, etc.). For example, sensors may
transmit information to the controller 190 via the one or
more interfaces 196. Control logic may rely on such in-
formation and, in turn, the controller 190 may output con-
trol signals to control engine operation. The controller
190 may be configured to control lubricant flow, temper-
ature, a variable geometry assembly (e.g., variable ge-
ometry compressor or turbine), a wastegate (e.g., viaan
actuator), an electric motor, or one or more other com-
ponents associated with an engine, a turbocharger (or
turbochargers), etc. As an example, the turbocharger 120
may include one or more actuators and/or one or more
sensors 198 that may be, for example, coupled to an
interface or interfaces 196 of the controller 190. As an
example, the wastegate 135 may be controlled by a con-
troller thatincludes an actuatorresponsive to an electrical
signal, a pressure signal, etc. As an example, an actuator
for a wastegate may be a mechanical actuator, for ex-
ample, that may operate without a need for electrical pow-
er (e.g., consider a mechanical actuator configured to
respond to a pressure signal supplied via a conduit).
[0035] Fig. 2 shows an example of an assembly 200
thatincludes a turbine housing 210 that includes a flange
211, a bore 212, an inlet conduit 213, a turbine wheel
opening 214, a spiral wall 215, an exhaust outlet opening
216, ashroud wall 220, a nozzle 221, a volute 222 formed
in part by the spiral wall 215, a wastegate wall 223 that
extends to a wastegate seat 226, and an exhaust cham-
ber 230. In the example of Fig. 2, the turbine housing 210
may be a single piece or multi-piece housing. As an ex-
ample, the turbine housing 210 may be a cast component
(e.g., formed via sand casting or other casting process).
The turbine housing 210 includes various walls, which
can define features such as the bore 212, the turbine
wheel opening 214, the exhaust outlet opening 216, the
chamber 230, etc. In particular, the wastegate wall 223
defines awastegate passage in fluid communication with
the inlet conduit 213 where a wastegate control linkage
240 and a wastegate arm and plug 250 are configured
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for opening and closing the wastegate passage (e.g., for
wastegating exhaust).

[0036] In the example of Fig. 2, the wastegate control
linkage 240 includes a bushing 242 configured for receipt
by the bore 212 of the turbine housing 210, a control arm
244 and a peg 246 and the wastegate arm and plug 250
includes a shaft 252, a shaft end 253, an arm 254 and a
plug 256. As shown, the bushing 242 is disposed be-
tween the bore 212 and the shaft 252, for example, to
support rotation of the shaft 252, to seal the chamber 230
from an exterior space, etc. The bore 212, the bushing
242 and the shaft 252 may each be defined by a diameter
ordiameters as wellas one or more lengths. Forexample,
the shaft 252 includes a diameter D, the bore 212 in-
cludes a diameter Dg while the bushing includes an inner
diameter Dy, and an outer diameter Dy,,. In the example
of Fig. 2, when the various components are assembled,
Dg > Dy, > Dy,; > Dg. As to lengths, a length of the shaft
252 exceeds a length of the bushing 242, which exceeds
a length of the bore 212. Such lengths may be defined
with respect to a shaft axis z,, a bushing axis z, and a
bore axis zg. As shown, the bushing 242 is disposed
axially between a shoulder of the shaft 252 and the con-
trol arm 244 of the control linkage 240.

[0037] Asanexample, the assembly 200 may be fitted
to an exhaust conduit or other component of an internal
combustion engine (see, e.g., examples of Fig. 1) via the
flange 211 such that exhaust is received via the inlet con-
duit 213, directed to the volute 222. From the volute 222,
exhaust is directed via the nozzle 221 to a turbine wheel
disposed in the turbine housing 210 via the opening 214
to flow and expand in a turbine wheel space defined in
part by the shroud wall 220. Exhaust can then exit the
turbine wheel space by flowing to the chamber 230 and
then out of the turbine housing 210 via the exhaust outlet
opening 216. As to wastegating, upon actuation of the
control linkage 240 (e.g., by an actuator coupled to the
peg 246), the wastegate arm and plug 250 may be rotated
such that at least a portion of the received exhaust can
flow in the wastegate passage defined by the wastegate
wall 223, past the wastegate seat 226 and into the cham-
ber 230, rather than through the nozzle 221 to the turbine
wheel space. The wastegated portion of the exhaust may
then exit the turbine housing 210 via the exhaust outlet
opening 216 (e.g., and pass to an exhaust system of a
vehicle, be recirculated in part, etc.).

[0038] In the example of Fig. 2, the axes of the bore
212, the bushing 242 and the shaft 252 are shown as
being aligned (e.g., defining a common axis), however,
during assembly, operation, etc., some misalignment
may occur. For example, over time, clearances between
the various components (e.g., plug, arm, shaft, bore,
bushing, etc.) can change. Forces that can cause such
change include aerodynamic excitation, high tempera-
tures, temperature cycling (e.g., temperatures < -20 de-
grees C to > 1000 degrees C), chemical attack, friction,
deterioration of materials, etc. For at least the foregoing
reasons, it can be difficult to maintain effective sealing
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of a wastegate opening over the lifetime of an exhaust
turbine assembly. As to temperature, problems at high
temperatures generally include wear and loss of function
and consequently leakage, lack of controllability or a
combination of leakage and uncontrollability.

[0039] Fig. 3 shows an enlarged cutaway view of a
portion of the assembly 200 of Fig. 2. As shown, the plug
256 seats inthe wastegate seat 226 to seal the wastegate
passage defined by the wastegate wall 223, which is part
of the turbine housing 210.

[0040] Fig. 4 shows a plan view and a side view of the
wastegate arm and plug 250 of the assembly of Fig. 2.
As shown, the shaft 252 has a diameter Dg over a length
Azg. The arm 254 extends axially outwardly away from
the shaft 252 from a shoulder 255 and radially downward-
ly to the plug 256. An axial dimension Az, is shown in
the example of Fig. 4 as being a distance from the shoul-
der 255 to a centerline of the plug 256. The plug 256 is
shown as having an outer diameter D,,,. A dimension
ASP is shown in the plan view as an offset between the
axis zg of the shaft 252 and the centerline of the plug 256.
As an example, the centerline of the plug 256 may define
or coincide with an x-axis that may, for example, be used
as a reference to describe features of the arm 254, the
plug 256, angles of rotation of the arm 254 and the plug
256, etc. The dimension ASP may be a leg of a triangle
that, for example, defines a hypotenuse as a dimension
between a rotational axis of the arm 254 and the center-
line of the plug 256. Fig. 4 also shows various other fea-
tures, forexample, shaftfeatures such as shoulders, con-
tours, etc.

[0041] Fig. 5 shows another side view of the wastegate
arm and plug 250. In the example of Fig. 5, a profile of
the plug 256 is illustrated that includes a conical portion
and aradiused portion that may define an inner diameter
Dpi. As shown, the conical portion may be defined ac-
cording to a cone angle ¢, while the radiused portion may
be defined with respect to a radius R. As an example,
the radiused portion may be referred to as a toroidal por-
tion or a toroidal surface. While the toroidal portion ex-
tends to a conical portion in the example of Fig. 4, a toroi-
dal portion may continue as a radiused portion or extend
to a non-conical or other portion. As an example, a plug
can include toroidal surface disposed between an inner
diameter and an outer diameter of a plug (e.g., a toroidal
surface disposed between D,; and D).

[0042] Fig. 6shows acutaway view of the turbine hous-
ing 210, particularly to show a relationship between the
bore 212 and the wastegate seat 226 as these features
cooperate with a wastegate arm and plug such as the
wastegate arm and plug 250. As shown in the example
of Fig. 6, the wastegate wall 223 extends to the wastegate
seat 226, which includes a diameter D of a cone section
disposed ata cone angle ¢,. As an example, an assembly
may include a plug with a cone portion having a cone
angle of about 60 degrees while a wastegate seat in-
cludes a cone portion with a cone angle of about 100
degrees. In such an example, contact may or may not
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occur between the two cone portions as sealing may be
achieved by contact between a toroidal portion of the
plug and the cone portion of the wastegate seat.

[0043] Fig.7 shows two displaced orientations 710 and
730 of the wastegate arm and plug 250 within the as-
sembly 200, in particular, where the axis of the shaft 252
of the wastegate arm and plug 250 is not aligned with,
for example, the axis of the bore 212 (e.g., and the axis
of the bushing 242 disposed in the bore 212).

[0044] In the orientations 710 and 730, contact exists
between the plug 256 and the wastegate seat 226. In
particular, contact exists between a radiused portion
(e.g., toroidal portion) of the plug 256 and a conical por-
tion of the wastegate seat 226. As an example, the ori-
entations 710 and 730 may represent maximum angular
misalignments with respect to a bore axis of a bore (e.g.,
+ 5 degrees), for example, where some angular mis-
alignment with respect to a bushing axis of a bushing
disposed in the bore (e.g., = 1 degree). As mentioned,
for a variety of reasons, some misalignment may occur
(e.g., during assembly, during operation, etc.).

[0045] Fig. 8 shows two displaced orientations 810 and
830 of the wastegate arm and plug 250 within the as-
sembly 200, in particular, where the axis of the shaft 252
of the wastegate arm and plug 250 is not aligned with,
for example, the axis of the bore 212 (e.g., and the axis
of the bushing 242 disposed in the bore 212).

[0046] In the orientations 810 and 830, contact exists
between the plug 256 and the wastegate seat 226. In
particular, contact exists between a radiused portion
(e.g., toroidal portion) of the plug 256 and a conical por-
tion of the wastegate seat 226. As an example, the ori-
entations 810 and 830 may represent maximum dis-
placement misalignments (e.g., A) with respect to a bore
axis of abore (e.g., = 1.6 mm), for example, where some
displacement misalignment with respect to a bushing ax-
is of a bushing disposed in the bore (e.g., = 0.1 mm). As
mentioned, for a variety of reasons, some misalignment
may occur (e.g., during assembly, during operation, etc.).
[0047] As anexample, a wastegate arm and plug may
include extreme positions inside a bushing disposed in
a bore of a turbine housing while being able to maintain
contact with a wastegate seat for purposes of sealing a
wastegate passage (e.g., adequate sealing for accepta-
ble performance).

[0048] Fig. 9 shows examples of a wastegate arm and
plug 950 and 970, which may be a unitary wastegate arm
and plug (e.g., a monoblock wastegate arm and plug) or
a wastegate arm and plug assembly. As an assembly, a
plug portion 956 may include an attachment base 972 or
992 from which a stem 974 or 994 extends where an arm
970 or 990 fits to the stem 974 or 994, which is secured
to the stem 974 or 994 via an attachment component 976
or 996 (e.g., a press-fit ring, etc.). In the example waste-
gate arm and plug 970, a surface of an attachment base
992 may be defined at least in part by a portion of a
sphere. In such an example, the arm 990 may include a
surface defined at least in part by a portion of a sphere.
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In such an example, some pivoting may be provided for
the plug portion 956 with respect to the arm 990 (e.g., as
provided by some amount of clearance or clearances
with respect to the stem 994).

[0049] In the example of Fig. 9, the plug portion 956
includes a toroidal portion "t" and, for example, optionally
a conical portion "c". As shown, the optional conical por-
tion may be defined by an angle ¢, a height h;, and at
least one of a lower diameter D and an upper diameter
D, In the example of Fig. 9, the toroidal portion may be
defined by a diameter D, and a radius r;, for example,
where the toroidal portion may be defined by a circular
torus.

[0050] Fig. 10 shows some examples of toroidal por-
tion profiles of a plug 1010, 1020, 1030 and 1040 along
with some examples of seat profiles 1015, 1025, 1035
and 1045. Also shown in Fig. 10 are gridded surfaces
that may approximate respective toroidal portions.
[0051] Astothe example profile 1010, the toroidal por-
tion corresponds to a circle, as to the example profile
1020, the toroidal portion corresponds to an ellipse, as
to the example profile 1030, the toroidal portion corre-
sponds to aninwardly tilted ellipse and, as to the example
profile 1040, the toroidal portion corresponds to an out-
wardly tilted ellipse (see, e.g., tilt angle ©). In the exam-
ples 1010, 1020, 1030 and 1040 of Fig. 10, a thick solid
line represents a profile that may be a profile of a plug,
for example, such as the plug 256. As to the seat profiles
1015, 1025, 1035 and 1045, the dotted lines may repre-
sent a profile that may be a profile of a seat, for example,
such as the seat 226.

[0052] Fig. 11 shows some examples of seat profiles
of a wastegate seat 1110, 1120, 1130 and 1140 along
with some examples of plug profiles 1115, 1125, 1135
and 1145. Also shown in Fig. 11 are gridded surfaces
that may approximate respective seat profiles. As to the
example profile 1110, the seat may be defined by a toroi-
dal portion that corresponds to a circle, as to the example
profile 1120, the seat may be defined by a toroidal portion
that corresponds to an ellipse, as to the example profile
1130, the seat may be defined by a toroidal portion that
corresponds to an outwardly tilted ellipse (see, e.g., tilt
angle ®) and, as to the example profile 1140, the seat
may be defined by a toroidal portion that corresponds to
an ellipse (e.g., rotated 90 degrees in comparison to the
example 1120). In the examples 1110, 1120, 1130 and
1140 of Fig. 11, a thick solid line represents a profile that
may be a profile of a seat, for example, such as the seat
226. As to the plug profiles 1115, 1125, 1135 and 1145,
they may be a profile of a plug, for example, such as the
plug 256. As shown in Fig. 11, a plug may include a con-
ical profile or a spherical profile. As shown in various
other examples, a plug may include a toroidal profile.
[0053] Fig. 12 shows some examples of turbine waste-
gates grouped as a conical plug group 1210, a toroidal
plug group 1230 and a spherical plug group 1250, which
may, for example, include a modified sphere (e.g., a por-
tion of a modified sphere).
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[0054] In the group 1210, a plug 1212 includes a con-
ical shape and aseat 1214 includes a corner shape 1214,
a radiused shape 1216 (e.g., a portion of a toroidal sur-
face) or an elliptical shape (e.g., a portion of an elliptical
surface).

[0055] In the group 1230, a plug 1232 includes a radi-
used shape (e.g., a portion of a torodial surface) and a
seatincludes acorner shape 1234, a conical shape 1235,
a radiused shape 1236 or an elliptical shape 1237.
[0056] Inthe group 1250, a plug 1252 includes a shape
(e.g., a portion of a spherical surface or a portion of a
modified spherical surface) and a seat includes a corner
shape 1254, a conical shape 1255, a radiused shape
1256 or an elliptical shape 1257.

[0057] In the examples of Fig. 12, a torus may be de-
fined by a radius (or major and minor axes) and a diam-
eter and a sphere or modified sphere may be defined by
a radius, radii, one or more major axes, one or more
minor axes, etc.; noting that a spherical section or a mod-
ified spherical section may be defined by a surface such
as a plane cutting a sphere or a modified sphere. As an
example, a cone or conical portion may be defined by an
angle and an axis and, for example, a position or positions
along the axis.

[0058] Fig. 13 shows an example of a wastegate arm
and plug 1350 that may be included in an assembly such
as, for example, the assembly 200 of Fig. 2 (e.g., where
the wastegate arm and plug 1350 is included rather than
the wastegate arm and plug 250). As an example, the
wastegate arm and plug 1350 may be made of material
(e.g., metal, alloy, etc.) suitable for temperatures expe-
rienced during operation of an exhaust turbine (e.g., of
a turbocharger).

[0059] In the example of Fig. 13, the wastegate arm
and plug 1350 includes a shaft 1352 that includes a di-
ameter Dg over a length Az, an arm 1354 that extends
axially outwardly away from the shaft 1352 from a shoul-
der 1355 and radially downwardly to a plug 1356. An
axial dimension Az, is shown in the example of Fig. 13
as being a distance from the shoulder 1355 to a centerline
of the plug 1356. The plug 1356 is shown as having an
outer diameter Dpo. As an example, the centerline of the
plug 1356 may define or coincide with an x-axis that may,
for example, be used as a reference to describe features
of the arm 1354, the plug 1356, angles of rotation of the
arm 1354 and the plug 1356, etc. For example, in Fig.
13, the plug 1356 is shown as including a modified sphere
portion extending axially outward along the x-axis (e.g.,
a distance Axp), for example, from a toroidal portion of
the plug 1356 defined atleastin part by aradius ry where,
for example, the modified sphere portion has a perimeter
less than a circumference having a diameter Dt associ-
ated with the toroidal portion of the plug 1356 (e.g., in a
projected view, the perimeter may be within the circum-
ference). As shownin the example of Fig. 13, the modified
sphere portion of the plug 1356 includes a sphere portion
1357 and a modified portion 1359 that, for example, to-
gether define a modified sphere shape. As shown in the
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example of Fig. 13, the modified sphere portion may be
a portion of a modified sphere (e.g., a modified sphere
cut by a plane, etc.).

[0060] As mentionedwithrespecttothe wastegate arm
and plug 250 of Fig. 2, the wastegate arm and plug 1350
may, likewise, include a dimension ASP as a leg of a
triangle that, for example, defines a hypotenuse as a di-
mension between a rotational axis of the arm 1354 and
the centerline of the plug 1356. Fig. 13 also shows various
other features, for example, shaft features such as shoul-
ders, contours, etc.

[0061] Fig. 14 shows a series of views of a plug profile
of the wastegate arm and plug 1350 of Fig. 13 along with
aplot 1510 of a plug profile. As mentioned, the plug 1356
can include the sphere portion 1357 and the modified
portion 1359 that may together define a modified sphere
shape. As shown in a front view (upper view), the sphere
portion 1357 of the plug 1356 may be defined by a sub-
stantially uniform radius ry; noting that a reference plane
X, may be defined as coinciding with a change in curva-
ture, etc. and may define a "base" of a modified sphere
portion. As an example, the reference plane x, may be
defined as being a distance Ax; from a toroidal portion
of the plug 1356, for example, where a transition profile
exists between the toroidal portion and the modified
sphere portion of the plug 1356.

[0062] As shown in a side view (middle view), the
sphere portion 1357 transitions to the modified portion
1359, for example, at an angle @’ (e.g., at a transition
boundary that may be defined by angles @, and @,). The
modified portion 1359 may include a diminishing radius,
for example, a radius that diminishes with respect to the
angle ®. As shown in the side view, the modified sphere
portion (e.g., portions 1357 and 1359) is asymmetric. An
asymmetry may be defined by one or more distances,
for example, with respect to the toroidal portion of the
plug 1356. For example, distances between an axis of a
toroid cross-section and the modified sphere portion dif-
fer for a shaft side of the plug 1356 and a front side of
the plug 1356 where the distance at the shaft side Arg is
larger than at the front side Ar;. As an example, the dis-
tance at the shaft side Arg may be equal to or greater
than about 1 mm (e.g., a portion of a modified sphere
where for a perimeter of a base plane, a radius on one
side is less than the radius on an opposing side). In such
an example, a clearance may be formed between the
shaft side of the modified sphere and a wastegate seat
(e.g., a clearance of about 1 mm or more), for example,
when aplugisina closed position (see also, e.g., Fig. 16).
[0063] Fig. 14 shows an example of how a modified
sphere portion may be formed, defined, etc. with respect
to a plane orthogonal to the x-axis, in particular, a 0, x,
plane (e.g., where a series of planes may define a mod-
ified sphere portion). In the example plane, a circle with
aradius r may define in part the sphere portion 1357 and
an ellipse with major axis "a" and minor axis "b" may
define in part the modified portion 1359. In combination,
the circle and the ellipse may define a radius differential
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Ar of the plug 1356, for example, at a shaft side of the
plug 1356 (see also, e.g., Arg). As an example, the origin
of the circle and the origin of the ellipse may be offset,
as indicated by an offset A,. As indicated in Fig. 14, a
major axis or a minor axis may be greater than a circle
radius, less than a circle radius, or equal to a circle radius.
As an example, the ellipse may be rotated by a number
of degrees, for example, such that the major axis is
aligned from the shaft side to the front side of a plug (e.g.,
rather than the minor axis as shown in the example of
Fig. 14). As indicated in Fig. 14, an offset may be positive
or negative or zero (e.g., defined with respect to a shaft
side and a front side of a plug). As an example, a series
of cross-sections may include at least some cross-sec-
tions that include a perimeter definable in part by an el-
lipse and definable in part by a circle. For example, such
a series of cross-sections may characterize a "pure"
sphere shape and a modified shape, which together may
characterize a modified sphere portion of a plug.
[0064] Fig. 15 shows a perspective view of a portion
of the wastegate arm and plug 1350 and a plot 1510 of
a plug profile thereof (e.g., per a side view). As shown in
Fig. 15, the sphere portion 1357 may be defined in part
by an angle 8, (e.g., that spans the front side of the plug
1356) while the modified portion 1359 may be defined in
part by an angle 6, (e.g., that spans the shaft side of the
plug 1356). In the example of Fig. 15, a diameter of a
lower edge of a toroidal portion of the plug 1350 may be
used as a reference to define, in part, the radius differ-
ential Ar. For example, the plot 1510 of the plug profile
that includes at least a portion of the modified portion
1359 shows how the outer surface of the modified sphere
portion changes over in an axial direction (e.g., x) with
respect to a radial direction (e.g., r, where r may be de-
fined from the x-axis).

[0065] Fig. 16 shows a series of cutaway views of an
example of an assembly 1600 that includes the waste-
gate arm and plug 1350. As shown in the example of Fig.
16, the assembly 1600 includes a housing 1610 (see,
e.g., the housing 210 of Fig. 2) that includes a wastegate
wall 1623 that extends to a wastegate seat 1626 and that
includes an exhaust chamber 1630. In the example of
Fig. 16, the turbine housing 1610 may be a single piece
or multi-piece housing. As an example, the turbine hous-
ing 1610 may be a cast component (e.g., formed via sand
casting or other casting process). As an example, the
housing 1610 may be made of material (e.g., metal, alloy,
etc.) suitable for temperatures experienced during oper-
ation of an exhaust turbine (e.g., of a turbocharger).
[0066] The turbine housing 1610 includes various
walls, which can define features such as a bore, a turbine
wheel opening, an exhaust outlet opening, etc. In partic-
ular, in the example of Fig. 16, the wastegate wall 1623
defines a wastegate passage in fluid communication with
an inlet conduit where a wastegate control linkage and
a wastegate arm and plug 1350 are configured for open-
ing and closing the wastegate passage (e.g., for waste-
gating exhaust).
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[0067] In an upper inset view, an example shape for
the wastegate seat 1626 is illustrated, for example, where
a seat depth (e.g., from the exhaust chamber 1630 to the
space defined by the wastegate wall 1623) may be great-
er on a shaft side (see, e.g., As) than on a front side.
[0068] Fig. 16 shows how the toroidal portion and the
modified sphere portion of the plug 1356 may be oriented
with respect to the wastegate seat 1626, which may be
a conical seat. As shown, the toroidal portion of the plug
1356 can seat against the wastegate seat 1626 when
the wastegate arm and plug 1350 is in a closed position.
Further, in a closed position, a clearance exists about
the modified sphere portion (e.g., where the surface of
the modified sphere portion does not contact the waste-
gate seat 1626).

[0069] Asshowninalowerinsetview, whenthe waste-
gate arm and plug 1350 is in an open position of approx-
imately 5 degrees (e.g., about 5 degrees of rotation of
the shaft 1352 in a bore of the housing 1610), the surface
of the modified sphere portion of the plug 1356 defines
aclearance withrespectto the wastegate seat 1626 (see,
e.g., front side and shaft side arrows). Where a pressure
differential exists (e.g., higher pressure on the wastegate
wall side 1623), exhaust may flow through the clearance
(e.g., an annulus or modified annulus in cross-section)
where characteristics of such flow is determined, in part,
by the surface of the modified sphere portion of the plug
1356 and, in part, by the surface of the wastegate seat
1626. For example, flow may impinge against the surface
of the modified sphere portion of the plug 1356 to form
a stagnation point about which flow is diverted radially
outwardly therefrom and, for example, toward a clear-
ance between the plug 1356 and the wastegate seat
1626.

[0070] Further, as shown in the example of Fig. 16, on
a shaft side of the plug 1356, the toroidal portion of the
plug 1356 also defines a clearance with respect to the
wastegate seat 1626 (e.g., where rotation rotates the
front side of the plug 1356 a greater arc distance than
the shaft side of the plug 1356). Accordingly, in the ex-
ample of Fig. 16, for the assembly 1600, both the toroidal
portion and the modified sphere portion of the plug 1356
define clearances with respect to the wastegate seat
1626 of the housing 1610. These clearances (e.g., over
arange of "open" angles), act to "control" characteristics
of exhaust flow. For example, flow characteristics may
be controlled by inter-component clearance shapes over
arange of open angles in a manner that enhances con-
trollability of a wastegate. As an example, the assembly
1600 may provide for a monotonic and smooth evolution
of pressure with respect to wastegate valve opening
where such characteristics enhance controllability of the
wastegate valve. Such an approach may particularly en-
hance control where a wastegate valve actuator is a me-
chanical vacuum actuator (e.g., an actuator to rotate a
wastegate arm and plug with respect to a wastegate
seat).

[0071] Fig. 17 shows examples of plots 1710 and 1730
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of trial data for the assembly of Fig. 16. As shown in Fig.
17, the plot 1710 is a pressure contour plot for an open
angle of about 20 degrees. In the plot 1710, a series of
filled circles approximate locations of points (e.g., stag-
nation points or pressure maxima) over a range of angles
from about 2.5 degrees open to about 30 degrees open
(e.g., without correction of perspective of the plug 1356).
The plot 1730 shows flow streamlines as well as pressure
contours, for example, to illustrate how exhaust flows
through a plug-seat clearance for an open angle of about
20 degrees. As mentioned, a high pressure may corre-
spond to a stagnation point about which flow is diverted
radially outwardly to flow through a plug-seat clearance.
As mentioned, for atleast some open angles, both a toroi-
dal portion of a plug and a modified sphere portion of a
plug may define a plug-seat clearance. As open angle
changes, the shape of the plug-seat clearance also
changes. As illustrated in the example of Fig. 17, the
locations of pressure maxima experienced by a plug over
a range of open angles may be "controlled" at least in
part by shape of the plug and, for example, at least in
part by shape of a wastegate seat.

[0072] As an example, in fluid dynamics, a stagnation
point may be a point in a flow field where local velocity
of fluid is approximately zero. A stagnation point may
exist at a surface of an object in a flow field, for example,
where fluid is brought to rest by presence of the object
in the flow field (e.g., consider a bluff body in a flow field).
As an example, the Bernoulli equation may demonstrate
how static pressure is highest where velocity is zero (e.g.,
such that static pressure or "stagnation pressure" may
be at its maximum value at a stagnation point). Where
the object is movable in a flow field via an actuator, the
pressure experienced by the object may be transmitted
to the actuator. If a movable object "catches" wind while
being moved by an actuator (e.g., a sharp transition such
as a step transition in pressure), the actuator may be
impacted as well. As an example, the shape of the plug
1356 may help reduce impact on an actuator as the ac-
tuator rotates the plug 1356 with respect to a wastegate
opening that provide for flow of exhaust.

[0073] Fig. 18 shows a series of views of an example
of a wastegate arm and plug 1850 that may be included
in an assembly such as, for example, the assembly 200
of Fig. 2 (e.g., where the wastegate arm and plug 1850
is included rather than the wastegate arm and plug 250).
[0074] In the example of Fig. 18, the wastegate arm
and plug 1850 includes a shaft 1852 that includes a di-
ameter D4 over a length Az, an arm 1854 that extends
axially outwardly away from the shaft 1852 from a shoul-
der 1855 and radially downwardly to a plug 1856. An
axial dimension Az, is shown in the example of Fig. 18
as being a distance from the shoulder 1855 to a centerline
of the plug 1856. The plug 1856 is shown as having an
outer diameter Dpo. As an example, the centerline of the
plug 1856 may define or coincide with an x-axis that may,
for example, be used as a reference to describe features
of the arm 1854, the plug 1856, angles of rotation of the
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arm 1854 and the plug 1856, etc. For example, in Fig.
18, the plug 1386 is shown as including a cone portion
1857 extending axially outward along the x-axis (e.g., a
distance Axp), for example, from a toroidal portion of the
plug 1856 defined at least in part by a radius ry. As an
example, the plug 1856 may include a sphere portion
1859 as an end cap to the cone portion 1857. In such an
example, pressure maxima with respect to open angles
may be limited to the sphere portion 1859. For example,
stagnation points may be limited to the sphere portion
1859 of the plug 1856 whereby flow is directed radially
outwardly therefrom (e.g., toward the cone portion 1857).
As an example, the plug 1856 may include a toroidal
portion 1858 disposed between the cone portion 1857
and the sphere portion 1859 (e.g., as a transition region).
[0075] As mentioned withrespectto the wastegate arm
and plug 250 of Fig. 2, the wastegate arm and plug 1850
may, likewise, include a dimension ASP as a leg of a
triangle that, for example, defines a hypotenuse as a di-
mension between a rotational axis of the arm 1854 and
the centerline of the plug 1856. Fig. 18 also shows various
other features, for example, shaft features such as shoul-
ders, contours, etc.

[0076] As an example, the wastegate arm and plug
1850 may be included in an assembly such as the as-
sembly 1600 where the wastegate arm and plug 1850 is
included rather than the wastegate arm and plug 1350.
In such an example, the surface of the cone portion 1857
of the plug 1856 can define a clearance with respect to
the wastegate seat 1626. Where a pressure differential
exists (e.g., higher pressure on the wastegate wall side
1623), exhaust may flow through the clearance where
characteristics of such flow is determined, in part, by the
surface of the cone portion 1857 of the plug 1856 and,
in part, by the surface of the wastegate seat 1626. Fur-
ther, flow may impinge against the surface of the sphere
portion 1859 (e.g., optionally a modified sphere) to form
a stagnation point about which flow is diverted radially
outwardly therefrom and, for example, toward a clear-
ance between the plug 1856 and the wastegate seat
1626.

[0077] Yetfurther, on a shaft side of the plug 1856, the
toroidal portion of the plug 1856 may also define a clear-
ance with respect to the wastegate seat 1626. Accord-
ingly, in such an example, both the toroidal portion and
the cone portion of the plug 1856 may define clearances
with respect to the wastegate seat 1626 of the housing
1610. These clearances (e.g., over a range of "open"
angles), act to "control" characteristics of exhaust flow.
For example, flow characteristics may be controlled by
inter-component clearance shapes over a range of open
angles in a manner that enhances controllability of a
wastegate. As an example, the assembly 1600 including
the wastegate arm and plug 1850 may provide for a mo-
notonic and smooth evolution of pressure with respect
to wastegate valve opening where such characteristics
enhance controllability of the wastegate valve. Such an
approach may particularly enhance control where a
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wastegate valve actuator is a mechanical vacuum actu-
ator (e.g., an actuator to rotate a wastegate arm and plug
with respect to a wastegate seat).

[0078] Fig. 19 shows a examples of plots 1910 and
1930 for data for various assemblies. As shown, the plot
1910 shows torque versus valve open angle for a base-
line assembly that includes a flat plug (flat surface to seal
against a flat seat), an assembly that includes a plug with
a modified sphere portion and an assembly that includes
a plug with a cone portion. In the latter two assemblies,
awastegate seatincludes a conical portion and the plugs
include a toroidal portion that may seat against the con-
ical portion of the wastegate seat.

[0079] The data in the plot 1910 indicate that the as-
sembly with the plug thatincludes a modified sphere por-
tion has a substantially monotonic decrease in torque
with respect to valve open angle (e.g., where torque may
be defined as the cross product of a lever-arm distance
and aforce). Further, as shownin the plot 1910, for angles
greater than about 5 degrees, the torque for the modified
sphere and cone assemblies are less than that of the
baseline (e.g., reduced loading for the modified sphere
and cone assemblies).

[0080] The data in the plot 1930 indicate that the as-
sembly with the plug thatincludes a modified sphere por-
tion has a substantially monotonic increase in mass flow
with respect to valve open angle. In contrast, the data for
the baseline assembly indicate that mass flow levels off
as valve open angle increases such that an increase in
valve open angle (e.g., from about 25 degrees to about
30 degrees) does not act to substantially increase mass
flow. In other words, for the baseline case, the mass flow
is largely controlled over a smaller range of angles, which
may impact control accuracy. When the mass flow of the
baseline case is combined with the torque results, the
accuracy of mass flow may be further complicated as an
actuator may have to contend with increased torque and
unevenness in torque over a range of angles (e.g., from
about zero degrees to about 25 degrees). In other words,
the fact that torque may decrease rather "evenly" for an-
gles of about 25 degrees or more, the mass flow data
indicate that, in such a range, there may be little change
in mass flow (e.g., no or little result on operation of a
turbocharger).

[0081] As demonstrated by trial data (e.g., numerical
trials), torque and mass flow for an assembly with a plug
that includes a modified sphere and for an assembly with
a plug that includes a cone may be superior compared
to an assembly with a plug that includes a flat plane. As
an example, an assembly with a plug thatincludes amod-
ified sphere or an assembly with a plug that includes a
cone may, compared to an assembly with a plug that
includes a flat plane, exhibit less noise (e.g., chatter or
clapping), greater durability, greater sealing and/or great-
er controllability.

[0082] As an example, an assembly can include a tur-
bine housing that includes a bore, a wastegate seat and
awastegate passage that extends to the wastegate seat;
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a bushing configured for receipt by the bore; a rotatable
wastegate shaft configured for receipt by the bushing; a
wastegate arm extending from the wastegate shaft; and
a wastegate plug extending from the wastegate arm
where the wastegate plug includes a profile, defined in
part by a portion of a torus, for contacting the wastegate
seat to cover the wastegate passage. In such an assem-
bly, the wastegate shaft, the wastegate arm and the
wastegate plug may be a unitary component (e.g., a
monoblock wastegate arm and plug).

[0083] As an example, a wastegate plug can include
a profile defined in part by a portion of a cone. As an
example, a wastegate seat can include a profile defined
in part by a cone.

[0084] As an example, wastegate plug can include a
profile defined in part by a portion of the torus where that
portion is disposed between an inner diameter and an
outer diameter of the wastegate plug.

[0085] As an example, an assembly can include a
wastegate shaft with an axis where a turbine housing
includes a bore with an axis. In such an example, for a
predetermined angular misalignment of the axes, a
wastegate plug connected to the wastegate shaft can
include a profile defined in part by a portion of a torus
where along that profile, the wastegate plug provides for
contacting a wastegate seat to cover a wastegate pas-
sage.

[0086] As an example, an assembly can include a
wastegate shaft with an axis where a turbine housing
includes a bore with an axis. In such an example, for a
predetermined displacement misalignment of the axes,
a wastegate plug connected to the wastegate shaft can
include a profile defined in part by a portion of a torus
where along that profile, the wastegate plug provides for
contacting a wastegate seat to cover a wastegate pas-
sage.

[0087] As an example, a wastegate plug may include
a profile defined in part by a torus, for example, an ellip-
tical torus having a minor axis length that differs from a
major axis length. In such an example, an elliptical torus
may include a tilt angle (e.g., where the major axes are
not parallel).

[0088] As an example, a profile of a wastegate plug
can include a conical angle defined by a tangent to a
maximum outer diameter of the torus. In such an exam-
ple, a wastegate seat can include a conical angle where
the conical angle of the wastegate seat exceeds the con-
ical angle of the wastegate plug.

[0089] As an example, an assembly can include a tur-
bine housing that includes a bore, a wastegate seat and
awastegate passage that extends to the wastegate seat;
a bushing configured for receipt by the bore; a rotatable
wastegate shaft configured for receipt by the bushing; a
wastegate arm extending from the wastegate shaft; and
a wastegate plug extending from the wastegate arm
where the wastegate plug includes a profile, defined in
partby a portion of a sphere, for contacting the wastegate
seat to cover the wastegate passage. In such an exam-
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ple, the wastegate shaft, the wastegate arm and the
wastegate plug may be a unitary component (e.g., a
monoblock wastegate arm and plug). As an example, a
wastegate seat can include a profile defined in part by a
cone while a wastegate plug can include a profile defined
at least in part by a sphere. As an example, a wastegate
shaft can include an axis and a bore for receipt of the
wastegate shaft can include an axis where, for a prede-
termined displacement misalignment of the axes, a
wastegate plug, along a profile defined in part by at least
aportion of a sphere, provides for contacting a wastegate
seat to cover a wastegate passage. In such an example,
the wastegate seat may include a portion defined at least
in part by a cone.

[0090] As an example, an assembly can include a tur-
bine housing that includes a bore, a wastegate seat and
awastegate passage that extends to the wastegate seat,
where the wastegate seat includes a profile, defined in
part by a portion of a torus; a bushing configured for re-
ceipt by the bore; a rotatable wastegate shaft configured
for receipt by the bushing; a wastegate arm extending
from the wastegate shaft; and a wastegate plug extend-
ing from the wastegate arm where the wastegate plug
includes a profile, defined in part by a portion of a cone,
for contacting the wastegate seat to cover the wastegate
passage. In such an example, the wastegate shaft, the
wastegate arm and the wastegate plug may be a unitary
component (e.g., a monoblock wastegate arm and plug).
As an example, a portion of a torus can include a portion
of an elliptical torus having a minor axis length that differs
from amajor axis length. In such an example, the elliptical
torus may include a tilt angle.

[0091] As an example, a wastegate shaft can include
an axis and a bore for receipt of the wastegate shaft may
include an axis where, for a predetermined displacement
misalignment of the axes, a wastegate plug, along a pro-
file defined in part by a portion of the cone, provides for
contacting a wastegate seat, along a profile defined in
partby a portion of atorus, to cover a wastegate passage.
[0092] As an example, an assembly can include a tur-
bine housing that includes a bore, a wastegate seat and
a wastegate passage that extends to the wastegate seat;
a bushing configured for receipt by the bore; a rotatable
wastegate shaft configured for receipt by the bushing; a
wastegate arm extending from the wastegate shaft; and
a wastegate plug extending from the wastegate arm
where the wastegate plug includes a profile, defined in
part by a portion of a torus, for contacting the wastegate
seat to cover the wastegate passage in a closed state,
and defined in part by a portion of a modified sphere, for
defining a clearance with respect to the wastegate seat
in an open state In such an example, the wastegate arm
and the wastegate plug or the wastegate shaft, the waste-
gate arm and the wastegate plug may be a unitary com-
ponent.

[0093] As an example, a portion of a modified sphere
can include a cross-section defined at least in part by a
portion of an ellipse. In such an example, the cross-sec-
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tion may be defined atleast in part by a portion of a circle.
As an example, a wastegate plug can include a shaft side
and a front side where a cross-section is defined by a
portion of an ellipse over a span that includes the waste-
gate shaft side of the wastegate plug and defined by a
portion of a circle over a span that includes the front side
of the wastegate plug.

[0094] As an example, an assembly can include a
wastegate seat that includes a profile defined in part by
acone. In such an example, a profile of a wastegate plug
defined in part by a portion of a torus may contact the
profile of the wastegate seat defined in part by the cone
to cover the wastegate passage in a closed state. As an
example, a profile of a wastegate plug defined in part by
a portion of a modified sphere may define a clearance
with respect to a profile of a wastegate seat defined in
part by a cone in a closed state. As an example, a profile
of a wastegate plug defined in part by a portion of a mod-
ified sphere may define a clearance with respect to a
profile of a wastegate seat defined in part by a cone in
an open state. In such an example, the open state may
include an open angle in a range greater than approxi-
mately zero degrees to approximately 30 degrees.
[0095] Asanexample,anassembly caninclude waste-
gate shaft with an axis and a housing with a bore that
includes an axis where for a predetermined angular mis-
alignment of the axes (e.g., and/or displacement mis-
alignment of the axes), a wastegate plug controlled by
the wastegate shaft, along a profile defined in part by a
portion of a torus, provides for contacting a wastegate
seat of the housing to cover a wastegate passage of the
housing.

[0096] As an example, an assembly can include a tur-
bine housing that includes a bore, a wastegate seat and
awastegate passage that extends to the wastegate seat;
a bushing configured for receipt by the bore; a rotatable
wastegate shaft configured for receipt by the bushing; a
wastegate arm extending from the wastegate shaft; and
a wastegate plug extending from the wastegate arm
where the wastegate plug includes a profile, defined in
part by a portion of a torus, for contacting the wastegate
seat to cover the wastegate passage in a closed state,
and defined in part by a portion of a cone, for defining a
clearance with respect to the wastegate seat in an open
state. In such an example, the wastegate arm and the
wastegate plug or the wastegate shaft, the wastegate
arm and the wastegate plug may be a unitary component.
[0097] As an example, a portion of a cone of a profile
of a wastegate plug may include a cross-section defined
at least in part by a circle. As an example, a profile of a
wastegate plug may be further defined in part by a portion
of a sphere such that the profile of the wastegate plug
includes a cone profile portion and a sphere profile por-
tion. In such an example, between the cone profile portion
and the sphere profile portion, the profile of the wastegate
plug may be further defined in part by a portion of a torus.
[0098] As an example, an assembly can include a
housing with a wastegate seat that includes a profile de-
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fined in part by a cone. In such an example, a profile of
a wastegate plug defined in part by a portion of a torus
may contact the profile of the wastegate seat defined in
part by the cone to cover the wastegate passage in the
closed state. As an example, a profile of a wastegate
plug defined in part by a portion of a cone may define a
clearance with respect to a profile of a wastegate seat
defined in part by a cone in an open state where, for
example, the open state includes an open angle in a
range greater than approximately zero degrees to ap-
proximately 30 degrees.

[0099] Although some examples of methods, devices,
systems, arrangements, etc., have beenillustrated in the
accompanying Drawings and described in the foregoing
Detailed Description, it will be understood that the exam-
ple embodiments disclosed are not limiting, but are ca-
pable of numerous rearrangements, modifications and
substitutions.

Claims
1. An assembly comprising:

a turbine housing that comprises a bore, a
wastegate seat and a wastegate passage that
extends to the wastegate seat;

a bushing configured for receipt by the bore;

a rotatable wastegate shaft configured for re-
ceipt by the bushing;

a wastegate arm extending from the wastegate
shaft; and

a wastegate plug extending from the wastegate
arm wherein the wastegate plug comprises a
profile, defined in part by a portion of a torus, for
contacting the wastegate seat to cover the
wastegate passage in a closed state, and de-
fined in part by a portion of a modified sphere,
for defining a clearance with respect to the
wastegate seat in an open state.

2. The assembly of claim 1 wherein the wastegate
shaft, the wastegate arm and the wastegate plug
comprise a unitary component.

3. The assembly of claim 1 wherein the portion of the
modified sphere comprises a cross-section defined
at least in part by a portion of an ellipse.

4. The assembly of claim 3 wherein the cross-section
is defined at least in part by a portion of a circle.

5. The assembly of claim 4 wherein the wastegate plug
comprises a shaft side and a front side and wherein
the cross-section is defined by the portion of the el-
lipse over a span that includes the wastegate shaft
side of the wastegate plug and defined by the portion
of the circle over a span that includes the front side
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of the wastegate plug.

The assembly of claim 1 wherein the wastegate seat
comprises a profile defined in part by a cone.

The assembly of claim 6 wherein the profile of the
wastegate plug defined in part by the portion of the
torus contacts the profile of the wastegate seat de-
fined in part by the cone to cover the wastegate pas-
sage in the closed state.

The assembly of claim 6 wherein the profile of the
wastegate plug defined in part by the portion of the
modified sphere defines a clearance with respect to
the profile of the wastegate seat defined in part by
the cone in the closed state.

The assembly of claim 6 wherein the profile of the
wastegate plug defined in part by the portion of the
modified sphere defines a clearance with respect to
the profile of the wastegate seat defined in part by
the cone in the open state.

The assembly of claim 9 wherein the open state com-
prises an open angle in a range greater than approx-
imately zero degrees to approximately 30 degrees.

The assembly of claim 1 wherein the wastegate shaft
comprises an axis and the bore comprises an axis
and wherein for a predetermined angular misalign-
ment of the axes, the wastegate plug, along the pro-
file defined in part by the portion of the torus, provides
for contacting the wastegate seat to cover the waste-
gate passage.

The assembly of claim 1 wherein the wastegate shaft
comprises an axis and the bore comprises an axis
and wherein for a predetermined displacement mis-
alignment of the axes, the wastegate plug, along the
profile defined in part by the portion of the torus, pro-
vides for contacting the wastegate seat to cover the
wastegate passage.

An assembly comprising:

a turbine housing that comprises a bore, a
wastegate seat and a wastegate passage that
extends to the wastegate seat;

a bushing configured for receipt by the bore;

a rotatable wastegate shaft configured for re-
ceipt by the bushing;

a wastegate arm extending from the wastegate
shaft; and

a wastegate plug extending from the wastegate
arm wherein the wastegate plug comprises a
profile, defined in part by a portion of a torus, for
contacting the wastegate seat to cover the
wastegate passage in a closed state, and de-
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fined in part by a portion of a cone, for defining
a clearance with respect to the wastegate seat
in an open state.

The assembly of claim 13 wherein the wastegate
shaft, the wastegate arm and the wastegate plug
comprise a unitary component.

The assembly of claim 13 wherein the portion of the
cone comprises a cross-section defined at least in
part by a circle.

The assembly of claim 13 wherein the profile of the
wastegate plug is further defined in part by a portion
of a sphere such that the profile comprises a cone
profile portion and a sphere profile portion.

The assembly of claim 16 wherein between the cone
profile portion and the sphere profile portion, the pro-
file of the wastegate plug is further defined in part by
a portion of a torus.

The assembly of claim 1 wherein the wastegate seat
comprises a profile defined in part by a cone.

The assembly of claim 18 wherein the profile of the
wastegate plug defined in part by the portion of the
torus contacts the profile of the wastegate seat de-
fined in part by the cone to cover the wastegate pas-
sage in the closed state.

The assembly of claim 18 wherein the profile of the
wastegate plug defined in part by the portion of the
cone defines a clearance with respect to the profile
of the wastegate seat defined in part by the cone in
the open state wherein the open state comprises an
open angle in a range greater than approximately
zero degrees to approximately 30 degrees.
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